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SEMICONDUCTOR MEMORY DEVICE AND 
METHOD FOR FABRICATING THE SAME 

FIELD OF THE INVENTION 

The present invention relates to a semi-conductor memory 
device such as dynamic random access memory (DRAM) 
and to a method for fabricating the device. 

BACKGROUND OF THE INVENTION 

DRAM predominantly has memory cells each including a 
single MOS transistor and a single capacitor. In such a 
one-transistor/one-capacitor type DRAM as the above, as 
high integration and miniaturization are demanded therefor 
in these years, stack type capacitor has been employed in 
place of conventional planar type one in order to compensate 
for the lack of the intended capacitance of the capacitor 
caused by a corresponding reduction in the area of memory 
cells. FIG. 13 shows a cross-sectional view of a part of 
conventional DRAM memory cells having the aforemen 
tioned stack type capacitors, in which a left side in the 
drawing denotes transistors for addressing of DRAM 
memory cells and a right side therein denotes transistors for 
addressing memorycells (which addressing is for column 
selection). 
A group of MOS transistors 105 shown in the left side of 

FIG. 13 are formed in the following manner. A group of gate 
electrodes 104 arranged in a matrix form is ?rst formed 
through a gate oxide ?lm (not shown) on a P type silicon 
substrate 101 having an inter-element separation region 151 
formed therein. Then areas of the substrate 101 located at 
both sides of the gate electrode group 104 are subjected to 
an ion implanting operation with use of, e.g., phosphorus to 
thereby form a plurality of pairs of impurity diifused regions 
102 and 103 as source/drain regions. 
A group of stack type capacitors 106 forming the DRAM 

memory cells together with the MOS transistor group 105 
each includes a lower electrode 107 having a polycrystalline 
silicon ?lm containing an impurity, a dielectric ?lm 108 
made of, e.g., a silicon oxide ?lm or a 3-layered structure of 
an oxide layer, a nitride layer and an oxide layer, and an 
upper electrode 109 provided opposite to the lower electrode 
107 with the dielectric ?lm 108 interposed therebetween and 
having a polycrystalline silicon ?lm containing an impurity. 
Connected to the lower electrode 107 of the capacitor group 
106 is one impurity di?‘used region 102 of the corresponding 
MOS transistor in the MOS transistor goup 105. 
The MOS transistor group 105 and capacitor group 106 

are covered with an insulating ?lm 110 such as a boron 
phosphor silicon glass (BPSG) ?lm. A wiring 111 for ?xing 
a potential of the upper electrode 109 of the capacitor group 
106 is connected to the upper electrode 109 of the capacitor 
group 106 at a contact hole 110a made in the insulating ?lm 
110. 
Meanwhile, as shown on the right side in FIG. 13, one 

impurity diffused region 113 of a transistor 112 for column 
selection of memory cells formed simultaneously with the 
formation of the MOS transistor group 105, is connected to 
a wiring (bit line) 118 formed differently from the wiring 111 
at a contact hole 11% made in the insulating ?lms 110 and 
119. The wiring 118 in turn is connected to the other 
impurity di?used region 103 of the MOS transistor group 
105 (, which connection is not shown). Further sequentially 
formed on the wirings 111 and 118 are an inter-layer 
insulating ?lm 114, word lines 115, an insulating ?lm 116 
and a protective ?lm 117. Each of the word lines 115 is 
connected to the associated gate electrode of the gate 
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2 
electrode group 104 in the MOS transistor group 105 and 
also to a decoder (not shown). 
With the DRAM having a structure as mentioned above, 

since interconnection between the wiring 111 and upper 
electrode 109 is established by means of the contact hole 
110a made in the insulating ?lm 110 on the capacitor 106, 
an aspect ratio of the contact hole 11% for interconnection 
between one impurity diffused region 113 of the transistor 
112 for column selection of memory cells and the wiring 118 
becomes large, that is, the contact hole 11% becomes deep. 
This involves the problem that coverage of the wiring 118 at 
the bottom of the contact hole 11% becomes poor and thus 
it becomes impossible to form the wiring 118 with a high 
reliability. 

Meanwhile, there has been studied in these years a 
method in which a capacitor dielectric ?hn for DRAM 
memory cells is made of a material having a high dielectric 
constant or permittivity to compensate for the lack of the 
intended capacitance of the capacitor caused by a corre 
sponding reduction in the area of memory cells. This 
method, however, involves another problem that the above 
dielectric material, which is diiferent in property from 
silicon, causes interdiifusion with silicon at a temperature of, 
e.g., over 700° C. to deteriorate the element characteristics. 
In the above prior art DRAM fabricating process, the 
dielectric ?lm 108 is formed and thereafter thermal anneal 
ing operations including the re?owing the BPSG ?lm 110 
and the activation of the contact of the contact hole 110b 
after the implantation are can'ied out at a temperature of over 
700° C. Therefore, it has conventionally been dif?cult to 
employ a material having a high dielectric constant as a 
capacitor dielectric ?lm. 

In order to prevent the interdi?usion between the capaci 
tor dielectric ?lm of the material with the high dielectric 
constant and the upper and lower electrodes of the capacitor, 
it is also considered for the material of these electrodes to be 
made of electrically conductive oxide material such as 
ruthenium dioxide. In this case, however, the problem 
occurs that interdiffusion takes place between the conductive 
oxide such as ruthenium dioxide and the silicon substrate 
101 during the thermal annealing. 

Besides this, it is necessary that the bit wiring 118 of the 
transistors for column selection be formed only after the 
wiring 111 is formed and then the insulating ?lm 119 
covering the wiring 111 is formed on the silicon substrate 
101. Further, for the purpose of eliminating an error in resist 
dimensions in a photo-lithographical technique, it is neces 
sary to ?atten the insulating ?lms 110 and 119. However, 
this causes the problem that the number of steps for fabri 
cating the semiconductor memory device is increased. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to reduce 
the number of steps in a process for fabricating a semicon 
ductor memory device such as DRAM having capacitors. 

Another object of the invention is to provide a semicon 
ductor memory device such as DRAM having stack type 
capacitors in which coverage is improved of a contact hole 
connecting a wiring line and one of impurity dilfused 
regions of peripheral circuit transistors formed simulta 
neously with formation of memory cell transistors such as, 
e.g., transistors for addressing memory cells to thereby 
provide reliable wiring. 
A further object of the invention is to provide a semicon 

ductor memory device such as DRAM having stack type 
capacitors in which a dielectric ?lm having a high dielectric 
constant is used as a capacitor dielectric ?lm. 
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In order to attain the above objects, in a semiconductor 
memory device of the present invention, a wiring layer of 
capacitor upper electrodes and a wiring layer of bit lines 
(which will be referred to as the column selection wiring 
layer, hereinafter) are formed in the same plane on an 
inter-layer insulating ?lm. On the inter-layer insulating ?lm, 
further, the capacitor upper electrodes and their wiring layer 
and the column selection wiring layer may be formed on the 
same plane as separated from each other. Furthermore, with 
the semiconductor memory device of the present invention, 
on the inter-layer insulating ?lm, the wiring layer connected 
to one of impurity di?uused regions of the column selection 
transistors, the column selection wiring layer connected to 
the other impurity diffused regions of the column selection 
transistors and also connected to one impurity dilfused 
regions of memory cell transistors, and the wiring layer of 
the capacitor upper electrodes of the memory cell transistors 
may be formed on the same plane. In addition, with the 
semiconductor memory device of the present invention, on 
the inter-layer insulating ?lm, the wiring layer connected to 
one impurity diffused regions of the column selection 
transistors, the column selection wiring layer connected to 
the other impurity diffused regions of the column selection 
transistors and also connected to one impurity diffused 
region of the memory cell transistors, and the capacitor 
upper electrodes and their wiring layer of the memory cell 
transistor may be formed on the same plane. 

In accordance with a typical aspect of the present 
invention, there is provided a semiconductor memory device 
which has a plurality of memory cells, one of which is 
selected by a plurality of column selection lines and a 
plurality of row selection lines. The device comprises a 
semiconductor substrate; transistors each included in each of 
the plurality of memory cells and having ?rst and second 
impurity diifused regions formed within the semiconductor 
substrate and a gate electrode formed on the semiconductor 
substrate disposed therebetween; an insulating layer cover 
ing the transistors, p, having at least contact holes made 
therein located on the ?rst and second impurity diffused 
regions of the transistors; capacitor lower electrodes each 
included in each of the plurality of memory cells and each 
formed on the insulating layer to be electrically connected to 
the ?rst impurity diffused region of associated one of the 
transistors through associated one of the contact holes made 
in the insulating layer; a capacitor dielectric ?lm included in 
the plurality of memory cells and formed on the capacitor 
lower electrodes; and ?rst and second groups of electrically 
conductive ?lms extended adjacent to each other in a 
column direction and electrically separated from each other, 
each of the ?rst conductive ?lms being connected to one of 
the column selection lines and also connected to the second 
impurity di?’used region of associated one of the transistors 
of the plurality of memory cells adjacent to in the column 
direction through associated one of the contact holes made 
in the insulating layer, each of the second conductive ?lms 
being connected to a power supply line, formed on the 
capacitor dielectric ?lm of the plurality of memory cells 
adjacent in a row direction, and including parts opposite to 
the capacitor lower electrodes with the capacitor dielectric 
?lm disposed therebetween, the parts being thereby acting as 
capacitor upper electrodes. 

Further, the semiconductor memory device of the present 
invention may include a group of column selection transis 
tors. 

In accordance with another typical aspect of the present 
invention, there is provided a method for fabricating a 
semiconductor memory device having a plurality of memory 
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4 
cells, which method comprises the steps of forming a gate 
insulating ?lm of MOS transistors to be used as transfer 
gates of the memory cells on a semiconductor substrate; 
forming gate electrodes on the gate insulating ?lm with 
respect to the memory cells; forming impurity ditfused 
regions on both sides of each of the gate electrodes to be 
used as a source and a drain with respect to the memory 
cells; forming an insulating ?lm over an entire surface of the 
semiconductor substrate; forming on the insulating ?lm at 
least ?rst and second contact holes reaching one impurity 
diffused regions of the MOS transistors and the other respec 
tively; forming on the insulating ?lm a pattern of ?rst 
electrically conductive ?lm electrically connected to one of 
impurity dilfused regions of the MOS transistors through the 
?rst contact hole to be used as capacitor lower electrodes; 
forming a dielectric ?lm on the ?rst conductive ?lm of the 
memory cells; and forming patterns of second and third 
electrically conductive ?hns at the same time, at least part of 
the second conductive ?lm being opposite to the ?rst con 
ductive ?lm with the dielectric ?lm disposed therebetween 
to form capacitor upper electrodes, the second conductive 
?lm including a wiring layer for the capacitor upper 
electrodes, the third conductive ?lm being electrically con 
nected to the other impurity ditfused regions of the MOS 
transistors through the second contact holes to form a 
column selection wiring layer, the second and third conduc 
tive ?lms being electrically isolated from each other. 
The method for fabricating a semiconductor device in 

accordance with the present invention may further include 
forming the group of transistors for column selection. 

In accordance with the present invention, the upper elec 
trodes of the capacitors of the memory cells are integrally 
formed with their wiring lines to eliminate any contact 
structures therebetween, whereby the electrode wiring lines 
can be formed in a layer lower than the height level of the 
surface of the substrate. As a result, the aspect ratio of the 
contact holes for interconnection between, e.g., the bit 
Wiring lines formed at the same height as the electrode 
wiring lines and one of impurity diffused regions of such 
MOS transistors as the column-selection transistors of the 
memory cells can be made small. 

Further, the number of wiring steps in the method for 
fabricating a semiconductor device such as DRAM having 
capacitors can be reduced. 

In the present invention, furthermore, since an insulating 
?lm such as a BPSG ?lm is formed, the contact holes are 
made in the insulating ?lm, and then the capacitors of the 
memory cells are formed; the capacitors can be formed, for 
example, after the re?owing process for the insulating ?lm 
or the activation process based on contact implantation. For 
this reason, even when a material such as lead titanate 
having a high dielectric constant is used as the material of 
the capacitor dielectric ?lm or electrically conductive oxide 
material such as ruthenium dioxide ?lm is used as the 
material of the electrodes of the capacitors, no interdiffusion 
will take place between the dielectric ?lm of the capacitors 
and the silicon substrate or between the conductive oxide 
and the silicon substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a part of a DRAM in 
accordance with a ?rst embodiment of the present invention; 

FIG. 2 is an equivalent circuit of the part of the DRAM 
of FIG. 1; 

FIGS. 3A to SF are cross-sectional views, in sequence, of 
steps in a method for fabricating the DRAM of FIG. 1; 
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FIGS. 4A and 4B are plan views, in sequence, of the steps 
in the DRAM fabricating method; 

FIG. 5 is a plan view showing one of the steps in the 
DRAM fabricating method; 

FIG. 6 is a cross-sectional view of a part of a DRAM in 
accordance with a second embodiment of the present inven 
tion; 

FIGS. 7A to 7F are cross-sectional views, in sequence, of 
steps in a method for fabricating the DRAM of the third 
embodiment of the invention; 

FIG. 8 is a cross-sectional view of a part of a DRAM in 
accordance with a third embodiment of the present inven 
tion; 

FIG. 9 is a cross-sectional view of a part of a DRAM in 
accordance with a fourth embodiment of the present inven 
tion; 

FIG. 10 is an equivalent circuit of the part of the DRAM 
of FIG. 9; 
FIGS. 11A to 11F are cross-sectional views, in sequence, 

of steps in a method for fabricating the DRAM of FIG. 9; 
FIG. 12 is a cross-sectional view of a part of a DRAM in 

accordance with a ?fth embodiment of the present invention; 
and 

FIG. 13 is a cross-sectional view of a part of a prior art 
DRAM. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First Embodiment) 
Explanation will be made ?rst as to a ?rst embodiment of 

the present invention with reference to FIGS. 1 to 5. 
FIG. 1 is a cross-sectional view of a part of a DRAM in 

accordance with the ?rst embodiment of the present 
invention, in which a left side in the drawing represents a 
memory cell part of the DRAM and a right side represents 
a transistor part for addressing (column selection) of 
memory cells. 
As shown in the left side of FIG. 1, a plurality of gate 

electrodes 4 are formed in memory cell formation regions on 
a P type silicon substrate 1 with a gate oxide ?lm (not 
shown) interposed therebetween. Areas of the substrate 1 
located at both sides of the gate electrode group 4 are 
subjected to an ion implanting operation with use of, e.g., 
phosphorus to form a plurality of pairs of impurity diffused 
regions 2 and 3 as source/drain regions and to form a group 
of MOS transistors 5. 
On the other hand, a group of stack type capacitors 6 

forms DRAM memory cells together with the MOS tran 
sistor group 5 respectively, and each capacitor 6 includes a 
lower electrode (storage node) 7, a dielectric ?lm 8, and an 
upper electrode (cell plate) 9 provided opposite to the lower 
electrode 7 with the dielectric ?lm 8 disposed therebetween. 
As shown in FIG. 1, the lower electrodes 7 of the capacitor 
group 6 are formed on an insulating ?lm 10 including a 
boron phosphor silicon glass (BPSG) ?lm or a phosphor 
silicon glass (PSG) ?lm, and each lower electrode is con 
nected to the impurity ditfused region 2 of the associated 
MOS transistor 5 at a contact hole 10a made in the insulating 
?lm 10 on the impurity diffused region 2 of the MOS 
transistor. 
The insulating ?lm 10 may be oxygen/TEOS (tetra ethyl 

ortho silicate) oxide ?lm formed by a low pressure CVD 
(chemical vapor deposition) process with use of TEOS and 
oxygen (02) gases in place of the BPSG ?lm or the PSG 
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6 
?lm. The BPSG ?lm 10 may also be ozone/TEOS oxide ?lm 
formed by the low pressure CV D process with use of TEOS 
and ozone (O3) gases. 

Further, the insulating ?lm 10 may have a laminated 
structure of a PECV D oxide layer and a THCV D oxide ?lm, 
or a laminated structure of a TEOS/O2 oxide layer and a 
TEOS/O3 layer. The THCVD oxide layer or the ozone/ 
TEOS oxide ?lm is intended to ?ll recesses in the surface of 
the inter-layer insulating film. The insulating ?lm 10 may be 
formed by a depositing process and then the resultant 
insulating ?lm may be subjected to an etching-back process 
to ?atten the surface thereof. 
As shown in FIGS. 4A and 4B, the memory cell group 

including the MOS transistor group 5 and the capacitor 
group 6 is arranged in a matrix fonn in the memory cell 
formation region of the substrate 1. Memory cells on each of 
lines L1 to L,l in FIG. 4A are referred herein to as a 
column-direction memory cell group. For the purpose of 
realizing high density integration, memory cells on the 
adjacent lines are arranges as mutually shifted at their 
positions in the column direction. Further, the gate elec 
trodes 4 of the transistors of the adjacent memory cells in a 
row direction are connected as shown in FIGS. 4A and 4B 
to form a gate wiring line (word line) 33.~ These word lines 
33 are connected to a row decoder 32 as shown in FIG. 2. 

In the present embodiment, since the upper electrode 9 of 
the capacitor 6 is also formed as embedded into the contact 
hole 10a, the effective area of the capacitor can be increased 
and correspondingly the capacitance of the capacitor can be 
increased. In the present embodiment, in addition, the upper 
electrode 9 of the capacitor 6 is formed integral with the 
wiring line 11 with use of the same ?lm. 

In the present embodiment, the material of the dielectric 
?lm 8 may be lead titanate, lead titanate zirconium, lead 
titanate zirconium lanthanum, strontium titanate, strontium 
titanate barium, tantalum oxide, bismuth oxide, yttrium 
oxide, zirconium oxide, tungsten bronze, or a mixture 
thereof, and desirably lead titanate having a relative dielec 
tric constant of 50 or more. Alternatively, the dielectric ?lm 
8 may be of 3-layered structure including an oxide layer, a 
nitride layer and an oxide layer. 

Further. the materials of the wiring line 11, bit wiring line 
18, upper and lower electrodes 9 and 7 may include ruthe 
nium dioxide ?lm, vanadium oxide, indium oxide, or a 
mixture thereof, and desirably ruthenium dioxide (R1102). 
One or more of the materials of the wiring line 11, bit wiring 
line 18, upper and lower electrodes 9 and 7 may be platinum, 
silver, titanium or polycrystalline silicon containing an 
impurity. 
As shown in the right side of FIG. 1, each bit wiring line 

18 is connected to one impurity diffused region 27 of a 
corresponding transistor 18 for column selection, which is 
formed simultaneously with formation of the MOS transistor 
group 5, at a contact hole 10d made in the insulating ?lm 10. 

sequentially formed on the wiring lines 11, 18 and upper 
electrode 9 are an inter-layer insulating ?lm 14, wiring lines 
(word lines) 15 connected to the gate electrodes 4 through a 
group of contact holes (not shown) made in the insulating 
?lm, an insulating ?lm 16, and a protective ?lm 17. 

FIG. 2 is an equivalent circuit of the DRAM of the ?rst 
embodiment of the present invention. The upper electrodes 
9 of the capacitors 6 of the memory cells forming coles of 
a memory cell array are connected to the associated wiring 
lines 11 wired via a wiring line 21 to a (1/2)Vcc voltage 
supply 30 (V cc=power source voltage). The (1/2)Vcc voltage 
supply 30 is connected with the bit wiring lines 18 of column 
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selection through a wiring line 22 and the transistors 13 for 
column selection, and the bit wiring lines 18 are connected 
to the other impurity diffused regions 3 of the MOS tran 
sistor group 5 as transfer gates of the memory cells forming 
the respective columns and also to a sense ampli?er 31. With 
such an arrangement, a voltage of ('/z)Vcc is supplied to the 
upper electrodes 9 of the capacitors 6 of the respective 
memory cells. Each pair of gates of the transistors 13 for 
column selection are connected to a column decoder in a not 
shown region through a common wiring line 23. The gate 
electrodes 4 of the respective memory cells are connected to 
the word lines 33 as the row selection lines of the memory 
cell array, the word lines 33 being connected to the row 
decoder 32. 

Explanation will then be made as to the operation of the 
DRAM of the present embodiment by referring to FIG. 2. 
First, when it is desired to write data in a memory cell, the 
address of the memory cell in which the data is to be written 
is designated by the row decoder 32 and the column decoder. 
This causes the column selection transistor 13 connected to 
the selected bit wiring line 18 to be turned ON so that the 
selected bit wiring line 18 is precharged to a potential of 
(‘/z)Vcc. Thereafter, the column selection transistor 13 con 
nected to the selected bit wiring lines 18 is turned OFF so 
that a potential of 0 (V) or Vcc is applied to the selected bit 
wiring lines 18 via the sense ampli?er 31 according to the 
type (“0” or “1”) of the data to be written and so that a high 
potential is applied to the selected word line 33 to turn ON 
the MOS transistor 5. As a result, in the capacitor 6 of the 
selected memory cell, positive or negative electric charge is 
accumulated in the lower electrode 7 according to the type 
of the data to be written. When the bit wiring line 18 is 
precharged to the potential of (1/2)Vcc in this way, even 
application of the potential of 0 (V) or Vcc to the bit wiring 
line 18 causes variation in the potential of the bit wiring line 
18 to be quickly completed, whereby its write time can be 
shortened. Further, since the upper electrode 9 of the capaci 
tor 6 is precharged to the potential of (1/z)Vcc, the intensity 
of electric ?eld applied to the dielectric ?lm 8 of the 
capacitor 6 can be made small (i-(1/z)Vcc) regardless of the 
storage state of the capacitor 6, with the result of an 
improvement in the breakdown voltage of the capacitor 6. 

Next, when it is desired to read out data from a speci?c 
memory cell, the address of the memory cell from which the 
data is to be read out is designated by the row decoder 32 and 
column decoder. This causes the column selection transistor 
13 connected to the selected bit wiring line 18 to be turned 
ON so that the bit wiring line 18 is precharged to a potential 
of (‘/z)Vcc. After this, the column selection transistor 13 is 
turned OFF so that the bit wiring line 18 is put in its ?oating 
state. Thereafter, a high potential is applied to the selected 
word line 33 to turn ON the transistor 5. This results in that 
the electric charge accumulated in the capacitor 6 of the 
memory cell connected to the selected word line 33 is 
supplied to the sense ampli?er 31 via the associated bit 
wiring line 18 as a read signal. The sense ampli?er in turn 
senses the read signal and discriminates the contents (“0” or 
“1”) of the data written in the selected memory cell. Even in 
the read mode, since the bit wiring line 18 is precharged to 
the potential of (1/z)Vcc immediately before the reading, no 
application of the potential of 0 (V) or Vcc to the bit wiring 
line 18 causes variation in the potential of the bit wiring line 
18 to be quickly completed, thus shortening the read time. 

Explanation will next be made as to a method for fabri 
cating the DRAM of FIG. 1 by referring to FIGS. 3A to 3F 
and also by referring to FIGS. 4A, 4B and 5 corresponding 
plan views of steps of FIGS. 3B, 3D and 3E respectively. 
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8 
First, as shown in FIG. 3A, on the silicon substrate 1 

having an element separation region 51, there are formed in 
a left side (memory cell formation region) thereof a plurality 
of MOS transistors 5 of DRAM memory cells arranged in a 
matrix form, each of the transistors 5 having impurity 
di?used regions 2 and 3 and a gate electrode 4; whereas, 
there are formed in a right side (element formation region or 
peripheral circuit formation region) separated by the element 
separation region 51 from the memory cell formation region 
a group of column selection transistors 13 of a MOS 
structure for column selection, each of the column selection 
transistors 13 having impurity diifused regions 27 and 28 
and a gate electrode 29, the formation of the MOS transistor 
groups 5 and 13 being preferably carried out at the same 
time. In the drawing, only one of the transistor elements 
included in each group is illustrated as an example. Although 
a gate oxide ?lm is actually formed underneath the gate 
electrodes 4 and 29, it is omitted in the drawing. 
As shown in FIG. 3B, a BPSG ?lm 10 is formed on the 

semiconductor substrate 1 all thereover. In order to ?atten 
the BPSG ?lm, the BPSG ?lm is subjected to a re?owing 
operation at a temperature of above 700° C. Thereafter, 
made in the insulating ?lm 10 are contact holes 10a and 100 
which reach the impunity di?’used regions 2 and 3 of the 
transistor 5 as well as contact holes 10d and 10b which reach 
impurity di?iused regions 27 and 28 of the column selection 
transistor 13, respectively. N type impurity such as 
phosphorus, is ion implanted into the silicon substrate 1 
through these contact holes 10a to 10d, after which the 
resultant substrate is subjected to an annealing operation at 
a temperature of, e.g., 800°—900° C. to activate the impurity. 
The maldng of the contact holes 10a to 10d in the BPSG ?lm 
10 is carried out by covering the BPSG ?lm 10 other than the 
hole-making regions with resist ?lm or the like, by subject 
ing the substrate to an isotropic wet etching operation and 
then to an anisotropic dry etching operation. 
Shown in FIG. 4A is a plan view of a resultant substrate 

after being subjected to the above operations, in which the 
contact hole 100 is made for interconnection between the 
impurity diffused region 3 of the transistor 5 and the bit 
wiring line 18, while the contact hole 10b is made for 
interconnection between the impurity di?fused region 29 of 
the column selection transistor 13 and the wiring line 22. 
As shown in FIG. 3C, next, the semiconductor substrate 

1 is subjected to a sputtering process to form a ruthenium 
dioxide ?lm all over the substrate, subjected to a ?ne etching 
operation with use of a photoresist 52 to selectively etch the 
ruthenium dioxide ?lm and to form a lower electrode 7 of 
the capacitor 6 connected to the impurity ditfused region 2 
at the contact hole 10a. At this time, the lower electrode 7 
is formed to have a substantially constant ?lm thickness 
along the inner side of the contact hole 10a. 
As shown in FIG. 3D, the resultant substrate is subjected 

to a removal of the photoresist 52 and then subjected to a 
sputtering process to form a dielectric ?lm 8 containing lead 
titanate on the lower electrode 7. In this case, the dielectric 
?lm 8 is formed to have a substantially constant ?lm 
thickness along the inner side of the contact hole 10a. 
Thereafter, the resultant substrate is subjected to a selective 
removing operation with use of a mask to selectively remove 
the dielectric ?lm 8 and to leave only an area of the dielectric 
?lm 8 corresponding to a nearly top area of the lower 
electrode 7. 
Shown in FIG. 4B is a plan view of a resultant substrate 

after subjected to the above operations. Even in FIG. 4B, the 
lower electrode 7 of the capacitor 6 is illustrated as having 
substantially the same shape as the dielectric ?lm 8. 
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As shown in FIG. 3E, then, the mask used during the 
above selective etching operation of the dielectric ?lm 8 is 
removed from the resultant substrate. After this, the sub 
strate is subjected to a sputtering process all over the 
semiconductor substrate 1 including the column selection 
transistor 13 part on the right side and the contact hole 100 
part on the left side to form a ruthenium dioxide ?lm, and 
then is subjected, on the ruthenium dioxide ?lm, to a ?ne 
patterning operation to form an upper electrode 9 opposed to 
the lower electrode 7 with the dielectric ?lm 8 disposed 
therebetween, a wiring line 11, and a bit wiring line 18 
connected to the impurity diffused region 3 of the MOS 
transistor 5 at the contact hole 100 and also connected to one 
impurity diffused region 27 of the transistor 13 at the contact 
hole 10c. Simultaneously with the above formation, a wiring 
line 22 connected to the other impurity diffused region 28 of 
the transistor 13 is also formed. Thus, the upper electrode 9 
of the capacitor 6 and the wiring lines 11, 18 and 22 are 
formed at the same time. A vertical cross-sectional view of 
FIG. 3E is taken along a line A—A' in FIG. 5. 

FIG. 5 shows a plan view of a semiconductor device in 
this step. As will also be clear from FIG. 5, the impurity 
diifused regions 3 of the transistors 5 are connected to hit 
wiring lines 18 at the contact holes 100, and the bit wiring 
lines 18 are connected to impurity diffused regions 27 of the 
column selection transistors 13 through the contact holes 
10d. The other impurity diffused regions 28 of the column 
selection transistors 13 are connected to the wiring lines 22 
through the contact holes 10b. The gate electrodes 29 of one 
pair of column selection transistors 13 are commonly con 

15 

20 

25 

30 
nected to the common wiring line 23 at the contact hole 23a _ 
made in the inter-layer insulating ?hn 14 above the gate 
electrodes. 

In adjacent two column-direction memory cell groups 
arranged in adjacent two lines (e.g., adjacent two lines W1 
and W2 in FIG. 5), the upper electrodes 9 and wiring lines 
11 of the capacitors of the two column-direction memory 
cell groups are formed in an electrically conductive identical 
region 56. In other words, the two column-directional 
memory cell groups share the single conductive region. Bit 
connection regions 54 and 55 are formed on the same 
insulating ?lm 10 electrically separated by an insulating 
region 57 with the conductive region 56 disposed therebe 
tween. The wiring lines 11 integrally formed with the upper 
electrodes 9 of the capacitors 6 are connected to the wiring 
line 21 connected to the (1/z)Vcc voltage supply 30 at contact 
holes 11a made in the insulating ?lm 14 provided there 
above. 

Next, as shown in FIG. 3F, an inter-layer insulating ?lm 
14 including a BPSG ?lm or PSG ?hn is formed all over the 
semiconductor substrate 1. Thereafter, a group of gate lines 
15, an insulating ?lm 16 and a protective ?lm 17 are 
sequentially formed on the inter-layer insulating ?lm 14, at 
which state a DRAM memory cell as shown in FIG. 1 is 
fabricated. The gate wiring lines are connected to ends 58 of 
the wiring lines of the gate electrodes 4 in FIG. 5 through 
contact holes (not shown) made in the inter-layer insulating 
?lm 14. 
(Second Embodiment) 
A semiconductor device in accordance with a second 

embodiment of the present invention will be explained with 
reference to FIG. 6. In the semiconductor device shown in 
FIG. 6, a lower electrode 7 of a capacitor 6 is formed as 
substantially embedded into the a contact hole 10a, whereby 
the ?atness of the dielectric ?lm 8 and upper electrode 9 is 
improved over that of the semiconductor device of FIG. 1. 
Other arrangement is substantially the same as that of the 
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10 
semiconductor device of FIG. 1. In FIG. 6, members having 
the same functions as those in FIG. 1 are denoted by the 
same reference numerals. 

FIG. 6 is a partial cross-sectional view of me semicon 
ductor device, in which a left side of the drawing denotes a 
DRAM memory cell part and a right side thereof denotes a 
transistor part for addressing (column selection) of memory 
cells. 
As shown in the left side of FIG. 6, each capacitor in a 

group of stack type capacitors 6 includes a lower electrode 
7, a dielectric ?lm 8, and an upper electrode 9 opposite to the 
lower electrode 7 with the dielectric ?lm 8 disposed ther 
ebetween. The lower electrode 7 of each of the capacitors 6 
is connected to the impurity diffused region 2 of the corre 
sponding MOS transistor 5 through a contact hole 10a made 
in the insulating ?lm 10 on the impurity diffused region 2. 
In the present embodiment, the lower electrode 7 of the 
capacitor 6 is formed as substantially completely embedded 
into the contact hole 10a, so that the dielectric ?lm 8 and 
upper electrode 9 are formed substantially ?at As a result, 
a break (electrically improper conduction in the steps) in the 
upper electrode 9 and in steps of the wiring line 11 made of 
the same ?lm as the upper electrode 9 to be integral 
therewith can be substantially completely prevented, thus 
improving its wiring reliability. 
As shown in the right side of FIG. 6, the bit wiring line 

18 is connected to one impurity diifnsed region 27 of the 
column selection transistor 13 through the contact hole 10d 
made in the BPSG ?lm 10. The wiring line 22 is connected 
to the other gate electrode 28 of the column selection 
transistor 13 through the contact hole 10b made in the 
insulating ?lm 10. Further, the inter-layer insulating ?lm 14, 
word line 15, insulating ?lm 16 and protective ?lm 17 are 
sequentially formed on the wiring lines 11, 18, 22, and upper 
electrode 9. 
The present embodiment is substantially the same as the 

?rst embodiment regarding the materials of the dielectric 
?lm 8, wiring lines 11, 18, upper electrode 9, and lower 
electrode 7 and so on. The fabricating method is also 
substantially the same as that in the ?rst embodiment. 
(Third Embodiment) 

' Explanation will then be made as to a third embodiment 
of the present invention with reference to FIGS. 7A to 7F 
and FIG. 8. Reference will be made also to FIGS. 4A, 4B 
and 5 used in the explanation of the ?rst embodiment FIGS. 
7A to 7F are cross-sectional views, in sequence, of steps in 
a method for fabricating a semiconductor device in accor 
dance with a third embodiment of the present invention. 
First of all, as shown in FIG. 7A, on the silicon substrate 1 
having an element separation region 51, there are formed in 
a left side (memory cell formation region) thereof a plurality 
of MOS transistors 5 of DRAM memory cells arranged in a 
matrix form, each of the transistors 5 having impurity 
diffused regions 2 and 3 and a gate electrode 4; whereas, 
there are formed in a right side (peripheral circuit formation 
region) a group of column selection transistors 13 of a MOS 
structure for column selection, each of the column selection 
transistors 13 having impurity diffused regions 27 and 28 
and a gate electrode 29, the formation of the MOS transistor 
groups 5 and 13 being preferably carried out at the same 
time. In the drawing, only one of the transistor elements 
included in each group is illustrated as an example. Although 
a gate oxide ?lm is actually formed underneath the gate 
electrodes 4 and 29, it is omitted in the drawing. As to the 
materials, they may be the same as those in the ?rst 
embodiment. 

Then, as shown in FIG. 7B, a BPSG ?lm 10 is formed all 
over on the semiconductor substrate 1. In order to ?atten the 
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BPSG ?lm, the BPSG ?lm of the semiconductor substrate 1 
is subjected to a re?owing operation at a temperature of 
above 700° C. Thereafter, made in the BPSG ?lm 10 are 
contact holes 1011 and 100 which reach the impurity diifused 
regions 2 and 3 of the MOS transistor 5 as Well as contact 
holes 10d and 10b which reach impurity diffused regions 27 
and 28 of the column selection transistor 13, respectively. 
Such N type impurity such as phosphorus is ion implanted 
into the silicon substrate 1 through these contact holes 10a 
to 10d, after which the resultant substrate is subjected to an 
annealing operation at a temperature of, e.g., 800°~900° C. 
to activate the impurity. Making of the contact holes 10a to 
10d in the BPSG ?lm 10 is carried out by covering the BPSG 
?lm 10 other than the hole-making regions with resist ?lm 
or the like, by subjecting the substrate to an isotropic wet 
etching operation and then to an anisotropic dry etching 
operation. 
Shown in FIG. 4A is a plan view of a resultant substrate 

after being subjected to the above operations, in which the 
contact hole 100 for each MOS transistor is made for 
interconnection between the impurity diffused region 3 of 
the transistor 5 and the bit wiring line 18, while the contact 
hole 10b is made for interconnection between the impurity 
diifused region 28 of the column selection transistor 13 and 
the wiring line 22. 
As shown in FIG. 7C, next, the semiconductor substrate 

1 is subjected to a sputtering process to form a ruthenium 
dioxide ?lm all over the substrate and, subjected to a ?ne 
etching operation to selectively etch the ruthenium dioxide 
?lm and to form a lower electrode 7 connected to the 
impurity diffused regions 2, 3, 28 and 27 at the contact holes 
10a, 10b, 10c and 10d respectively. At this time, the ?rst 
lower electrode 7 is formed to have a substantially constant 
?lm thickness along the inner sides of the contact holes 10a, 
10b, 10c and 10d. Thereafter, the resultant substrate is 
subjected to a ?ne patterning operation of the photo 
lithographical technique to remove the ?rst ruthenium diox 
ide ?lm 7 on the column selection transistor 13. As a result, 
the ruthenium dioxide ?lm 7 remains as a pattern of the bit 
wiring lines 18a and 22 as shown as enclosed by a dotted 
line in FIG. 5. ' 
As shown in FIG. 7D, the resultant substrate is subjected 

to a sputtering process to form a dielectric ?lm 8 containing 
lead titanate on the ?rst ruthenium dioxide ?lm 7. In this 
case, the dielectric ?lm 8 is formed to have a substantially 
constant ?lm thickness along the inner side of the contact 
hole 10a. Thereafter, the photoresist 52 is selectively formed 
as a suitable mask in the vicinity of the region of the contact 
hole 10a reaching one impurity diffused region 2 of each of 
the transistors 5, and the dielectric ?lm 8 other than the 
vicinity of the region of the contact hole 10a is subjected to 
a selective removing operation With the photoresist 52 as the 
mask. As a result, the dielectric ?lm 8 formed to the contact 
holes 10b, 10c and 10d can be completely removed. 
As shown in FIG. 7B, then, after the photo-resist 52 is 

removed, the semiconductor substrate 1 is subjected to a 
sputtering process over all surface including the column 
selection transistor 13 part on the right side and the contact 
hole 100 part on the left side to form a second ruthenium 
dioxide ?lm 9, and the substrate is then subjected to a ?ne 
patterning operation. Consequently, there are formed a wir 
ing line 11 and a second ruthenium dioxide ?lm 9 of an 
upper electrode opposite to the ?rst ruthenium dioxide ?lm 
7 of a lower electrode with the dielectric ?lm 8 disposed 
therebetween, a ?rst ruthenium dioxide ?lm 7 as well as a 
second ruthenium dioxide ?lm 9 on the ?rst ruthenium 
dioxide ?lm 7, which ?lms are connected to one impurity 
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diffused region 3 of each transistor 5 and also connected to 
the impurity diifused region 27 of the corresponding tran 
sistor 13 through the contact holes 100 and 10d to be used 
as the bit wiring line 18 extended on the BPSG ?lm 10, and 
a ?rst ruthenium dioxide ?lm 7 as well as a second ruthe 
nium dioxide ?h'n 9 formed on the ?rst ruthenium dioxide 
?lm 7, which ?lms are connected to the other impurity 
diffused region 28 of the transistor 13 to be used as the 
wiring line 22, respectively. Thus, the upper electrode group 
9 of the capacitors 6 and the wiring line group 11, 18 and 22 
are formed at the same time. A vertical cross-sectional view 
of FIG. 7E is taken along a line A—A' in FIG. 5. 

FIG. 5 shows a plan view of a semiconductor device in 
this step. As will also be clear from FIGS. 1 and 5, the 
impurity diffused regions 3 of the transistors 5 are connected 
to bit wiring lines 18 at the contact holes 100, and the bit 
wiring lines 18 are connected to the impurity diifused 
regions 27 of the column selection transistors 13 through the 
contact holes 10d. In adjacent two column-direction 
memory cell groups arranged in adjacent two lines (e.g., 
adjacent two lines W1 and W2 in FIG. 5), the upper elec 
trodes 9 and wiring lines 11 of the capacitors of the two 
column-direction memory cell groups and their wiring lines 
11 are formed in the electrically conductive identical region 
56. In other words, the two column-directional memory cell 
groups share the single conductive region. Bit connection 
regions 54 and 55 are formed on the same insulating ?lm 14 
as electrically separated by an insulating region 57 with the 
conductive region 56 disposed therebetween. Further, the 
other impurity diffused regions 28 of the column selection 
transistors 13 are connected to the wiring lines 22 at the 
contact holes 10b. The gate electrodes of one pair of column 
selection transistors 13 are commonly connected to the 
common wiring line 23 at the contact hole 23a made in the 
insulating ?lm 14 provided thereabove. The wiring lines 11 
integrally formed with the upper electrodes 9 of the capaci 
tors 6 are connected to the wiring line 21 connected to the 
(‘/2)Vcc voltage supply 30 through contact holes 11a made 
in the insulating ?lm 14 provided above. 

Next, as shown in FIG. 7F, an inter-layer insulating ?lm 
14 including a BPSG ?lm or PSG ?lm is formed all over the 
resultant substrate. Thereafter, a group of gate lines 15, an 
insulating ?lm 16 and a protective ?lm 17 are sequentially 
formed on the inter-layer insulating ?lm 14, at which state 
such a DRAM memory cell as shown in FIG. 8 is fabricated. 
The gate wiring lines 15 are connected to ends 58 of the 
wiring lines of the gate electrodes 4 in FIG. 5 through 
contact holes (not shown) made in the inter-layer insulating 
?lm 14. 

Although the ?rst ruthenium dioxide ?lm 7 has been used 
for pattern formation of the wiring lines 18 and 22 in the step 
of FIG. 7C, the ?rst ruthenium dioxide ?lm of the parts of 
the wiring lines 18 and 22 may be formed collectively in the 
step of FIG. 713. 

In the foregoing ?rst to third embodiments, the upper 
electrode group 9 and wiring lines 11 of the capacitors in a 
plurality of groups of capacitors 6 are formed integrally with 
the electrically conductive identical ?lm, and the bit wiring 
lines 18 are formed on the same plane as the capacitor 
electrode group 9 extended on the wiring line 11 and their 
wiring line group 11. As a result, the number of steps in a 
process for forming the wiring lines in the semiconductor 
device fabrication method can be reduced. 

Since the upper electrodes 9 of the capacitors 6 of 
memory cells arranged on the column lines of the memory 
cell array as well as the wiring lines 11 are integrally formed, 
it becomes unnecessary for the electrodes 9 and wiring lines 










